Simple Summary: The present investigation examined improvements in egg hatchability and the growth performance of hatched chicks of two strains upon injection with increasing concentrations of royal jelly (RJ). The results showed positive effects of RJ injection on all parameters. Limited impacts of the different chicken strains were observed on the tested parameters. The study revealed that varying the chicken strain could alter the response to the in ovo injection with RJ.
clean cloth; then, the surface of each egg was sprayed with a disinfectant solution and the shell was wiped dry with clean paper. The eggs were incubated at 37.6 ± 1 • C with a relative humidity of 57 ± 2%. All eggs were set large end up in an automatic turner. The incubation equipment included an incubator (for the first 18 days of incubation) and a hatcher (for the remaining 3 days until hatching). The eggs from each experimental group were set in separate and marked containers in both the incubator and the hatcher.
On day 7 of incubation, the eggs were randomly divided into six groups in a 2 × 3 factorial design that included the two chicken strains (Dokki-4 and El-Salam) and three levels of in ovo injections (0, 0.25 and 0.5 mL/egg). Each group had six replicates of 30 eggs each. The RJ solution was prepared by dissolving 1 g of pure RJ (YS Organic Bee Farms "2774 N 4351st Rd, Sheridan, IL 60551, USA," item #69313, 3x freeze-dried RJ; equivalent to 1500 mg of fresh RJ) in 2 mL of normal saline solution in a water bath at 37 • C for 15 min.
A hole was made in the broad end of each egg using an automatic needle (syringe); 0.5 mL of RJ solution was then warmed to 30 • C and injected through the hole using a 23-gauge needle. The injection site was disinfected with 70% ethanol prior to injection. The pinhole was sealed with sterile paraffin wax immediately after injection and the eggs were returned to the incubator and set large end up to complete the incubation process. At the end of 18 days of incubation, the eggs were transferred to hatching trays at 37.2 • C under 70% humidity for the following 3 days or until hatching. After 21 day of incubation, the live hatched chicks were graded and counted, while the un-hatched eggs were broken to estimate the percentage of fertility. Hatchability was calculated as a percentage of fertile eggs using the following equations: Fertility (%) = ( f ertile eggs/total eggs) × 100 (1) Hatchability o f the f ertile eggs (%) = (hatched chick/ f ertile eggs) × 100 (2) Twenty hatched chicks for each replicate were sexed, wing-banded and reared until 12 weeks of age and were supplied with standard feed for local chicken strains. The basal diet contained 19% crude protein (CP), 2834 kcal/kg metabolizable energy (ME), 3.019% ether extract, 3.906% crude fibre, 1.018% calcium, 0.348% available phosphorus, 0.857% lysine, 0.360% methionine and 0.699% methionine and cystine. The birds were vaccinated against most epidemic diseases in Egypt; they were vaccinated with Hitchner B1 (HB1) and Gumboro vaccines at 7 and 10 day of age, respectively, via eye drops and killed NDV, Reo, Gumboro and infectious bronchitis (IB) vaccines were injected intramuscularly at 13 day of age. Killed avian influenza virus (AIV; H5N2) vaccines were injected intramuscularly at 15 day of age, while Gumboro and Lasota vaccines were given at 22, 32 and 42 day of age via eye drops. Later, booster doses of Lasota vaccines were given at 50 day of age and then biweekly via eye drops. Feed and drinking water were offered ad libitum. All birds were reared under the same environmental, managerial and hygienic conditions. Body weight was recorded to the nearest 0.1 g. Feed intake was recorded at 0, 4, 8 and 12 weeks of age and the FCR was then calculated.
At 7 weeks of age, the birds received a single intramuscular injection of 0.1 mL of a 0.25% sheep red blood cell (SRBC) suspension. After 5 days, ten blood samples (1 mL each) from each group were collected from the wing vein with a sterile syringe and 0.5 mL of each sample was transferred into a heparinized tube. Plasma antibodies were measured by the microtitre haemagglutination method [34] . The titres are expressed as the log2 of the reciprocal of the highest dilution in which there was haemagglutination. The remaining 0.5 mL of each blood sample was allowed to coagulate in sterile tubes, after which the serum was collected to assess the antibody titre against NDV.
At 12 weeks of age, ten birds (5 males and 5 females) were selected randomly from each treatment, weighed and then sacrificed by decapitation. The carcasses and giblets (gizzard, heart and liver) were individually weighed to the nearest 0.1 g. The studied carcass traits were recorded as the percentage of the live body weight. Ten blood samples were collected in heparinized tubes to determine the complete blood count (CBC) and white blood cell (WBC) differentiation. After overnight clotting at 4 • C, the samples were centrifuged for 20 min at 4000× g.
The separated serum was transferred to a private laboratory for analysis of biochemical parameters. The total lipids (mg/dL), cholesterol (mg/dL), triglycerides (TGs; mg/dL), high-density lipoprotein (HDL, mg/dL), low-density lipoprotein (LDL, mg/dL), total protein (g/dL) and albumen (g/dL) levels were determined spectrophotometrically according to the methods of Akiba et al. [35] , using commercial diagnostic kits from Biodiagnostic Company, Giza, Egypt. Additionally, the antibody titres against AIV and NDV were estimated.
The data were subjected to ANOVA with the generalized linear model (GLM) procedure of SAS software, USA [36] according to the following model:
where X rtk = the value of any observation, µ = the population mean O r = the in ovo injection effect (of 0, 0.25 or 0.5 mL RJ/egg), B f = the strain effect (El-Salam or Dokki-4), I r × t = the interaction between the treatment and the chicken strain and E rtk = random error.
Results

Hatching Parameters
As shown in Table 1 , the Dokki-4 strain presented significantly higher fertility than the El-Salam strain (p < 0.05). No differences were recorded in the hatchability of the total eggs and fertile eggs (p < 0.05) between the two studied strains. Regarding the effect of in ovo RJ injection, the 0.5 mL RJ/egg dose significantly increased the hatchability of the total incubated eggs (p < 0.0001) compared to both the 0.25 mL RJ/egg dose and the control dose (0 mL RJ/egg) and improved the hatchability percentages of fertile eggs (p < 0.05) compared to the control dose. Table 1 . Fertility and hatchability percentages of two chicken strains (El-Salam and Dokki-4) injected in ovo with two different levels of royal jelly (RJ; 0.25, 0.5 mL/egg) compared to counterpart control strains (0 mL RJ/egg) and the interaction between strain and treatment level. 
Items
Number of Replicates Fertility (%) Hatchability (%) (Based on Fertile Eggs)
Growth Performance and Carcass Parameters
The results of chicken performance according to strain and in ovo injection level, as well as their interactions, are presented in Table 2 . Daily weight gain was not significantly affected (p ≥ 0.05) by strain. The results of the interaction between strain and in ovo inoculation were not significant (p ≥ 0.05). Table 2 . Effect of in ovo injection of royal jelly (RJ) at two levels (0.25, 0.5 mL/egg) on growth performance and carcass parameters of two chicken strains (El-Salam, Dokki-4) as compared to counterpart control chicks (0 mL/egg) and the interaction of strain and treatment levels. Feed consumption and conversion ratios did not differ significantly between the El-Salam and Dokki-4 strains, except for feed consumption at 0-12 weeks of age (p < 0.0001), which were significantly improved in the El-Salam strain. No variation in dressing percentages was observed between strains (p ≥ 0.05) but Dokki-4 had higher (p < 0.01) giblet percentages than the El-Salam Strain. For the in ovo RJ injection effects, chickens from eggs inoculated with 0.5 mL RJ consumed more feed (p < 0.05) compared to injection with 0.25 mL RJ or the control at 0-12 weeks of age; chickens from eggs inoculated with 0.5 mL RJ also displayed higher (p < 0.05) dressing percentages compared to the control group.
Serum Lipid and Protein Profiles
Strain clearly had no effect on serum lipid and protein profiles ( Table 3 ). In contrast, in ovo injections with 0.5 mL RJ/egg decreased serum total lipids and increased (p < 0.001) globulin and total protein levels (p < 0.05) compared to the other injection. Both levels of RJ injection (0.25 and 0.5 mL RJ/egg) resulted in significantly reduced serum levels of cholesterol, TGs, HDL and LDL. No significant interactions between the strain and treatment effects were recorded for the serum lipid and protein profiles. Table 3 . Effect of in ovo injection of royal jelly (RJ) at two levels (0.25 and 0.5 mL/egg) on the serum lipid and protein profiles of two chicken strains (El-Salam and Dokki-4) compared to control saline injection (0 mL RJ/egg) and the interaction between strain and treatment level.
Parameter
Number RBCs-red blood cells, PCV-packed cell volume, Hb-haemoglobin, WBCs-white blood cells, HL-heterophil/lymphocyte, SEM-standard error of the mean. In the same column and within the same effect, means with different superscripts ( a, b, c ) differ significantly (p < 0.05).
Complete Blood Count (CBC)
The effects of strain, RJ in ovo injection level and their interaction on CBCs are listed in Table 4 . Strain had no significant effect (p > 0.05) on red blood cell (RBC) count; packed cell volume (PCV); haemoglobin (Hb); WBC count; heterophil and lymphocyte numbers; the heterophil/lymphocyte (HL) ratio; or monocyte, eosinophil and basophil numbers. With regard to the in ovo RJ injection levels, both 0.25 and 0.5 mL RJ/egg resulted in increased Hb levels and lymphocyte counts compared to 0 mL RJ/egg, whereas significant reductions were observed in the numbers of monocytes and eosinophils. No significant interactions were recorded between the strain and treatment effects for any of the blood parameters analysed.
Immunological Parameters
As illustrated in Table 5 , the Dokki-4 strain had significantly higher antibody titres against the AIV vaccine (p < 0.05) and SRBCs (p < 0.0001) than the El-Salam strain but no significant differences (p > 0.05) were recorded between the two strains for NDV titres. Regarding the impact of in ovo RJ injection on the immunity of the chickens, both levels of RJ (0.25 and 0.5 mL RJ/egg) increased (p < 0.0001) the antibody titre against the AIV vaccine, while 0.5 mL RJ/egg increased (p < 0.0001) the antibody titres against NDV and SRBCs compared to the other treatments. Regarding the interaction between the strain and in ovo RJ injection effects, no significant differences in antibody titres against AIV and NDV were recorded between the different groups; however, in ovo injection with 0.25 or 0.5 mL RJ/egg increased immunity (p < 0.0001) against SRBCs in the Dokki-4 strain compared to the El-Salam strain. Table 5 . Effect of in ovo injection of royal jelly (RJ) at two levels (0.25, 0.5 mL/egg) on Antibody titre against AIV, NDV and SRBCs of two chicken strains (El-Salam, Dokki-4) as compared to counterpart control (0 mL/egg) and the interaction of strain and treatment levels. 
Discussion
The data listed in Table 1 shows that the in ovo RJ injection (0.5 mL RJ/egg) improved the hatchability percentages of fertile eggs (p < 0.05) compared to the other groups. The improvement in hatchability may be due to the enriched nutritive values of RJ, which contain vitamins and essential amino acid that enhance chick embryonic growth and hatchability. However, our results disagree with those obtained by Moghaddam et al. [21] who reported that in ovo RJ injection significantly decreased hatchability (46.7%) compared to saline injection (68.3%). Moreover, Moghaddam et al. [22] found significantly lower hatchability percentages with RJ compared to saline phosphate antibiotic injection. Conclusively, RJ in ovo injections (0.5 mL RJ/egg) improved hatchability percentage of chicken eggs.
Our results showed that in ovo RJ injection with 0.5 mL RJ/egg improved the hatchability percentages of fertile eggs (p < 0.05) compared to the other injections. The improvement in hatchability may have been due to the high nutritive value of RJ, which contains vitamins and essential amino acids that enhance chick embryonic growth and hatchability. However, our results disagree with those obtained by Moghaddam et al. [21] , who reported that in ovo, RJ injection significantly decreased hatchability (46.7%) compared to saline injection (68.3%). Moreover, Moghaddam et al. [22] found significantly lower hatchability percentages in eggs injected with RJ than in eggs injected with a saline phosphate antibiotic. Conclusively, RJ in ovo injections (0.5 mL RJ/egg) improved the hatchability percentages of chicken eggs in this study.
The results presented in Table 2 indicate that the El-Salam strain had significantly greater body weight and daily weight gain (p < 0.05) than the Dokki-4 strain, which may be attributable to its genetic makeup [28] . Injecting eggs with 0.5 mL RJ/egg significantly (p < 0.05) improved chicken body weight and daily weight gain compared to injecting eggs with saline. In agreement with our results, Ahangari et al. [23] reported that in ovo RJ injection elicited a significant positive effect on the body weight of broiler chicks at 21 days of age. RJ plays an important role in bee colonies, stimulating and increasing larval growth and metabolism [37] and some RJ bioactive components can affect crucial physiological processes [13, 38] . Additionally, increased body weight has been observed after injection or ingestion of RJ in experimental animals [37] . The differences in body weight between the two strains at 8 weeks of age can be explained by the fact that at this age, this quantitative trait in chickens is affected by complex physiological mechanisms and multiple genetic factors [39] . Overall, RJ in ovo injections (0.5 mL RJ/egg) had limited beneficial effects on the body weights and weight gain of the chickens.
Consistent with the findings of Rondelli et al. [29] , our results revealed improved feed consumption at 8-12 weeks of age (p < 0.05) and total feed consumption (0-12 weeks of age) (p < 0.0001) in the El-Salam strain compared to the Dokki-4 strain. No significant improvement in the feed conversion ratio (FCR) was recorded upon in ovo RJ injection. Ahangari et al. [23] found that in ovo RJ injection increased feed consumption and reduced the FCR. Seven et al. [40] reported that propolis and RJ enhanced growth performance measured as body weight, feed intake and FCR; these effects could be attributed to enhanced intestinal health, digestion and absorption due to the antimicrobial effects of the RJ and propolis components. The significant increases in dressing percentage upon treatment with 0.5 mL RJ/egg are consistent with results obtained by Moghaddam et al. [21] , who found that in ovo RJ injection significantly increased dressed carcass percentages and heart and liver weights compared to a control treatment. There are several possible explanations for these results. First, RJ can increase oxygen metabolism and animal activity by increasing the concentration and use of blood glucose [41] and can also promote respiration and oxidative phosphorylation, increasing tissue oxygen consumption and, consequently, performance and endurance [42] . Furthermore, RJ also exhibits antioxidant properties [42] in addition to containing many dietary proteins with a wide range of functional and biological properties; some of these properties are attributable to biologically active peptides (of 2-20 amino acid residues) that are inactive when part of a protein but are activated when digested in vivo [43] . Feed consumption and giblet percentages were substantially affected by strain differences but dressing percentages were increased significantly in the group treated with 0.5 mL RJ/egg compared to the other groups.
Our results showed that there were no strain effects on the tested serum parameters. However, in ovo RJ injection decreased lipid profile parameters and increased total protein and globulin content compared to control saline injection (Table 3) . A hypocholesterolaemic effect of RJ has also been reported by Kashima et al. [44] , who suggested that the major identified RJ proteins (MRJP1, MRJP2 and MRJP3), as bile acid-binding proteins, significantly decreased the micellar solubility of cholesterol. Pavel et al. [45] confirmed the ability of RJ to reduce blood cholesterol and several studies have demonstrated the efficacy of RJ in lowering and controlling blood TGs and cholesterol levels [46, 47] .
Vittek [48] showed that administration of 50-100 mg RJ/d lowered serum total cholesterol levels by 14% and total lipids by 10%. A different study reported that ingestion of 6 g RJ/d for 4 weeks led to reduced serum total cholesterol and LDL but had no effect on HDL or TGs content [16, 49] . The increased total protein, albumen and globulin in the RJ-treated groups may be attributable to a direct promoting impact of RJ on haemopoietic tissue in addition to a stimulatory anabolic effect on liver tissues that favours protein synthesis. In addition, RJ has been proven to protect against degeneration of body protein [50] . Our results are similar to those recorded by Mahmoud [51] , who found that feeding of RJ to Ross broilers under different stocking densities increased serum total protein, albumen and globulin levels. Collectively, RJ in ovo injection (0.5 mL RJ/egg) had a hypocholesterolaemic effect on chickens in addition to a role in increasing total serum protein.
The results presented in Table 4 show that in ovo RJ injection increased the Hb percentage and lymphocyte count and decreased monocyte and eosinophil numbers compared to control saline injection. The increased lymphocyte count indicates that in ovo RJ injection improved the chicken response to stress. However, contradictory results were obtained by Ahangari et al. [23] , who reported that RJ injection resulted in decreased lymphocyte counts and increased heterophil counts and heterophil/lymphocyte (HL) ratios. Additionally, Rabie et al. [52] reported that dietary or drinking water supplementation of Cobb 500 broiler chicks with propolis significantly increased Hb concentrations compared with a control treatment. However, Morita et al. [53] reported that there is a lack of articles that interpret the effect of RJ on anaemia. Recently, Bhalchandra et al. [54] reported that intraperitoneal injection of RJ in rats improved Hb concentrations and mean corpuscular haemoglobin (MCH) and suggested that honey and RJ exert protective effects against blood cell damage via preservation of cellular integrity. Our findings suggest that RJ feeding might have an anti-anaemic effect.
The results revealed a higher antibody titre against AIV (p < 0.05) and SRBCs (p < 0.0001) in the Dokki-4 strain than in the El-Salam strain ( Table 5 ). The better immune response of Dokki-4 chickens to AIV and SRBCs may be attributable to the genetic potential inherited from the Fayoumi strain, a pure Egyptian native strain known globally for its strong immunity [28] . The effects of in ovo RJ injection on chicken immunity were unique ( Table 5 ). RJ contains several forms of free amino acids at levels ranging from 0.6-1.5% and most are L-series amino acids, such as lysine and proline [55] . Administration of these amino acids influences the immune responses of poultry against disease, during which body proteins are broken down and the resultant amino acids are used for critical protein synthesis rather than growth, with consequent enhancement of defence against certain diseases [56] . Ahangari et al. [23] reported non-significant effects of RJ injection on day 14 of the experiment, although a significant increase in antibody titre against NDV was observed on day 28 of the trial. Generally, the Dokki-4 strain had a better immune response against AIV and SRBCs than the El-Salam strain; moreover, RJ in ovo injection (0.5 mL RJ/egg) improved the immunity of chickens against AIV, NDV and SRBCs.
Finally, with regard to the feasibility of RJ application in poultry production, RJ can be injected into eggs at trace concentrations (not exceeding 0.5 mg/egg). Poultry production depends on both input and output; the marked improvements in bird growth characteristics in the present study as a result of RJ treatment suggest that even if the price of RJ is high, the economic return will cover the cost of its use and even yield a good profit margin for chicken keepers.
Conclusions
On the basis of our results, the study hypothesis was accepted that varying the chicken strain could alter the response to the in ovo injection with RJ (the Dokki-4 strain was superior to the El-Salam strain for the tested parameters). RJ injection into the yolk sac elicited significant positive effects on hatching parameters, growth performance, blood chemistry, haematology and immunological parameters. Among the injected doses, the 0.5 mL dose of RJ resulted in the best hatching parameters, growth performance and immune and health-related traits.
